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(g) Rxad bed reactor. 

@ Rxed bed reactor for operation at very high 
temperatures and high space velocities. e,g, for cata- 
lytic partial owdation or a catalytic treatment of the 
product gas from a non-cataJyKc partial oxidation of 
a hydrocarbonaceous feedstock. 

The fixed bed (3) of catalyst contains parallel 
tubes (5.6) serving to conduct feed to within the bed 


and to conduct product out of the bed. Ttie tubes 
are closed at one end and are provided with slits or 
holes to allow passage of feed/product but too small 
to allow entrance of catalyst particles. The feed 
passes the catalyst bed in a transverse direction 
from inlet tube to outlet tube. 
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FIXED BED REACTOR 


The present invention relates to a fixed bed 
reactor for carrying out processes at very high 
temperatures and high space vefocities, ejg, a cata- 
lytic partial oxidation process of a hydrocar- 
bonacBOus feedstockj or a catalytic treatment of 
the product gas from a non-catalytic partial oxida- 
tion of a hydrocarbonaceous feedstock. 

Catalytic partial oxidation of natural gas is an 
attractive route for producing synthesis gas for 
further conversion to hydrocarbons or methanol. In 
this process a mixture of natural gas and an 
oxygen-containing gas (e,g. oxygen, air or steam- 
diluted oxygen) Is passed over a suitable catalyst 
at elevated temperature. The ideal process wouk3 
operate at very high temperatures (above 1000 *C 
for thermodynamic reasOTs) and at elevated pres- 
sure (30 bar and higher) and very high space 
velocities (e.g. 100,000 Nl/I.h.). At these very high 
space velocities pressure drop becomes an impor- 
tant factor. It has already been proposed to use a 
reactor in which the catalyst Is in the form of a 
monolith (honeycomb) which features a low pres- 
sure drop at the very high space velocities applied. 
Although this reactor concept Is an attractive one, It 
will not be easy to scale it up to very large sizes. 
Fabrication of monoliths of very large size may 
require further developments in ceramics fabrica- 
tion technology while the positioning and fixing of 
the monoliths in the reactor space has to meet the 
demands on mechanical arKl thermal stresses. At 
very high temperatures, where rwrmal metafs may 
no longer be used and at very large scaJes this is 
not an easy matter. Monoliths known at present are 
made mostly of cordierite, which under practical 
conditions cannot be used anymore above some 
1100 'C while idealiy one would like a catalytic 
system operat>le up to some 1300 * C. 

The use of a fixed bed of catalyst particles in 
prindpie allows more freedom of choice between 
heat-resistant catalyst support materials. However, 
to avoid imduly high pressure drops, one has to 
resort to shallow beds. An example is a shallow 
bed in a spherical reactor, which however Implied 
rather poor use of the reactor space. Other exam- 
ples are cylindrical reactors in which the reactant 
flows laterally instead of longifudinally, e.g. a flat 
bed par£dlel to the central axis or a radial flow 
reactor. Such shallow beds Imply a large cross- 
sectional area. To property support such very wide 
beds using constructional materials which can re- 
sist temperatures of the order of 1200 *C is not 
easy, however. 

In non-catalytic processes for making synthesis 
gas. a hydrocarbon feedstock such as natural gas 
or heavy oil is partially oxidized in a burner placed 


in^de a pressure vessel. Well-known processes of 
this type are the Texaco partial oxidation process 
and the Shell Gasrficatjon Process (SGP). The oxi- 
dafion reactions take place non-cataiytically In the 

5 fiame zone at very high temperature, typically 
some 1 800 ' C. The reaction gas leaving the partial 
oxidation vessel typicaliy has a temperature of 
1200 * C and higher and is cooled down in a waste 
heat boiler. Higher yields of synthesis gas may be 

10 obtained by contacting the gas with a catalyst to 
allow endothermic reactions to occur between un- 
converted hydrocarbons and steam and/or carbon 
dioxide (which are present as products of combus- 
tion or added to the feed as nrraderating agents). In 

.75 addition to the enhanced process efficiency by the 
improved synthesis gas yields, this catalytic treat- 
ment also has the advarrtage that synthesis gas 
with a more optimum H2/CO ratio may be pro- 
duced for synthesis of hydrocarbons or methanol 

20 and that It allows simultaneous removal of con- 
taminarrts In the product gas of the non-catalytic 
partial oxidation process (e.g. HCN. carbonaceous 
compounds, etc.). However, a prot)lem Is that the 
catalytic treatment, (ike In the previous application, 

25 has to be done at a high temperature level (In the 
range 1000-1400 *C) with very tow pressure drop. 
Known catalytic reacrtors when used for this pur- 
pose have similar problems as mentioned above. 
It Is an object of the invention to provide a 

so fixed bed reactor with low pressure drop suitable 
for operation at very high temperatures which 
avoids these problems. 

It is another object of the invention to provide 
such a reactor having a simple construction from 

35 heat resistant components and possibilities for 
- scaling up. 

The invention tiwrefore provides a reactor for 
canrying out a catalytic partial oxidation process of 
a hydrocarbonaceous feedstock or for catalytic 

40 treating of the product gas from non-<iatalytic par- 
tial oxidation of such a feedstock, characterized by 
means for providing a mixture of hydrocar- 
bonaceous feedstock, oxygen-containing gas and, 
optionally, steam or the product resulting from non- 
45 catalytic reaction of this mixture to a catalytic reac- 
tion zone and means for discharging the product 
gas. comprising a first arr^igemerrt of parallel inlet 
tubes in a fixed catalyst bed in order to supply the 
feed to within the bed and a second anrangement 

60 of parallel outlet tubes in order to withdraw the 
product from the bed, wherein the tubes are closed 
at their one end and have openmgs to ailow pas- 
sage of react^t or product but not of catalyst 
particles and wherein the feed passes the catalyst 
bed in a transverse direction from inlet tube to 
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out! ttube. 

The invention will n w bo described in more 
detail by way of example by reference to the 
accompanying drawing, in which the figure repre- 
sents a partial transverse section of a low pressure 
drop, high temperature fixed bed reactor of the 
invention. Refen-ing now to the figure, a reactor 
having a (steel) wall 1 is shown. The (steel) wall 1 
has been provided with any insulation Z suitable tor 
the purpose. The reactor is advantageously cyfin- 
drical. 

A fixed catalyst bed 3 is present wi^in the 
reactor. The manner In which a fixed bed can be 
maintained in a reactor. Is known to those skitied in 
the art and will not be described In detail. Finther 
coarse ceramic packing 4 Is present 

in the fixed bed a first set of parallel Inlet tubes 
5 is present to supply the feed to wfthin the bed. A 
second set of parallel outl^ tubes 6 is present to 
withdraw the product from the bed. In the ffgure the 
said first set consists of six inlet tubes whereas the 
said second set consists of five outlet tubes. How- 
ever, it will be appreciated tfiat any number of 
tubes suitable for the purpose can be applied. 

The tubes are closed at one end and have 
openings to allow passage of reactant or product, 
but not of catalyst particles. The feed passes the 
catalyst bed in a transverse direction from inlet 
tube to outlet tube. These openings can be slits 
(e.g. made by sawing) or small holes (e.g. made by 
drilling). The tubes may be made of heat-resistant 
(ceramic) material such as alumina or silicon car- 
bide. If the length required exceeds the possibilities 
of the fabrication technology, they can be made up 
from sections Jointed together with a ra^er loose 
Joint Such a Jointed tube may have the additional 
advantage of being less vulnerabla to breakage as 
a result from thermal workings of the catalyst bed. 

The positioning of the tubes inside the bed 
may involve the use of spacers, e.g. in the form of 
ceramic rings which keeps frie tubes apart at ap- 
propriate distances. However, It may well be possi- 
We to rely on the catalyst bed itself to position the 
tuties. In the latter case one only has to ensure a 
temporary fixing of the tubes during the filling 
operation. 

Particularly In the latter case the construction 
of the reactor would seem to be very simple and 
may result in a cheap system. The scaling up 
capability of this type of reactor is very good. 

In an advantageous embodiment of the inven- 
tion the tubes have a total length of 3 m {made up 
from sections of 1 m), an outer diameter of 5 cm 
and an Inner diameter of 4 cm. wiiereas the reactor 
has a length of 4 m and a diameter of 2 m. 
Advantageously th slits or th small holes liave 
the following dimensions: 1 mm wkjtii, 2 cm I nglh, 
or 2 mm diameter. 


Tl>e inlet as well as the outiet tubes can be 
arranged advantageously in a regular pattern, e.g. a 
scfuar© or triangular array with a pitch of 5-15 cm. 
The array of outiet tubes is suchi that each outi t 

5 tube is in the centre of the squares or triangles 
formed by tfie centres of the neighbouring inlet 
tube. The space between the tubes is filled with 
catalyst of suitable form, e.g. spheres of 2.5 - 4 
mm, extrudates of 1.0 - 3.0 mm diameter and 2 - 6 

10 mm length. 

Vaious modlficatwns of the invention will be- 
come apparent to those skilled in the art from the 
foregoing description and accompanying drawings. 
Such modifications are intended to fail within the 

15 scope of the appended claims. 

Clalnu 

1. A reactor for carrying out a catalytic partial 
20 oxidation process of a hydrocarbonaceous 

feedstock or a catalytic troatmerTt of the pnxl- 
uct gas from a non-catalytic partial oxidation of 
a hydrocarbonaceous feedstock characterized 
by means for providing a mixture of hydrocar- 

25 bonaceous feedstock, oxygen-contalnlng gas 

and, optionally, steam or the product gas re- 
sulting from noivcalalytic reaction of this mbc- 
ture to a catalytic reaction zone and means for 
discharging the product gas, comprising a first 

so arrangement of parallel Inlet tut^es In a fixed 
catalyst bed in order to supply the feed to 
within the bed and a second arrangement of 
parallel outiet tubes in order to witiidraw the 
product from the bed, wherein the tubes are 

35 closed at their one end and have openings to 

allow passage of reactant or product, Ixil not of 
catalyst particles and wherein the feed passes 
the catalyst bed in a transverse direction from 
inlet tube to outiet tube. 

2. The reactor as claimed in claim 1 character- 
ized In that the reactor is cytlndricai. 

a The reactor as claimed in claim 1 or 2 char- 
46 acterized in that the openings ana slits. 

4 The reactc»r as claimed in claims 1 or 2 char- 
acterized in that the openings are email holes. 

50 5. The reactor as clamed in any one of claims 1- 
4 characterized in that the tubes are made of 
heat-resi stant material . 

6, The reactor as claimed in claim 5 character- 
55 ized in that the tubes are made of alumina. 

7. The reactor as claimed In claim 5 character- 
ized In that the tubes are made of silicon 
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carbide. 

a Th reactor as claimed in any one of c[alm$ 1 - 

7 characterized in that th tubes are made up 
from sections jointed together with a loose 6 
joint 

9. The reactor as claimed in any one of claims 1- 

8 characterized in that the tubes are positioned 
inside the fixed bed by spacers. io 

10. The reactor as claimed In ci^m 9 character- 
ized in that the spacers are ceramic rings. 
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